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On  the  FISH  enclofed  in  STONE  of  M  O  N  T  E  B  O  L  C  A. 


I T  is  impoffible  for  thofe  who  have  not  feen  and  examined 
the  foil'll  fifh  of  Monte  Bolca  to  form  an  adequate  idea  of 
that  mod  curious  phenomenon  of  natural  hiftory :  In  this,  as 
in  every  thing  elfe  where  the  fenfible  qualities  of  bodies  are 
concerned,  it  is  well  known  that  defcription,  however  exadt, 
mull  come  far  fhort  of  conveying  the  impreffions  that  are 
given  immediately  by  the  fenfes  *.  That  fuch  is  remarkably 
the  cafe  in  the  prefent  inftance,  I  can  teftify  from  experience ; 

B  for 

*  For  this  reafon,  and  to  fupply  the  defe£ls  of  my  pen,  I  have,  with  the  pcrmif- 
fion  of  the  Academy,  placed  a  few  fmall  fpecirnens  of  thefe  fifh  in  their  mufeum. 
To  them  I  beg  to  refer  fuch  members  as  with  for  more  accurate  ideas  than  it  is  pof- 
fible  for  words  alone  to  convev.  An  engraving;  of  feme  of  thefe  is  annexed  .to  this 
paper. 
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for  though  I  was  not  unacquainted  with  thefe  Angular  pro-, 
dudtions  by  defcription,  I  was  not  lefs  forcibly  (truck,  on 
frft  feeing  a  collection  of  them  at  Verona  in  January  1791, 
than  if  I  had  never  heard  of  them  before.  As  I  had  not,  at 
that  time,  leifure  to  pay  much  attention  to  them,  or  to  make 
the  minute  inquiries  which  they  feemed  fo  well  to  deferve,  I 
determined,  if  I  fhould  again  pafs  through  this  part  of  Italy 
at  a  favourable  feafon  for  the  purpofe,  to  vifit,  if  poffible,  the 
place  where  they  were  found,  as  well  to  verify  the  fadt,  as, 
from  an  examination  of  the  (ituation  and  other  particularities 
of  the  (pot,  to  endeavour  to  form  fome  conjecture  as  to  the 
origin  of  a  circumftance  fo  extraordinary. 


This  opportunity  occurring  in  the  month  of  June  following, 
I  took  up  my  residence  for  fome  days  at  the  town  of  Arzignan 
in  the  Vicentine,,  by  the  recommendation  of  the  well-known 
Abate  Alberto  Fords  *,  and  from  thence  occafionally  made  ex- 
curfions  through  the  neighbouring  hills,  under  the  guidance 

of 

J  +'  *  •  -r  4  <  _  J.  .  y  fV  -  J  L  '  ,;u  :  J  .  1 

*  1  was  much  indebted'  to  the  hofpitality  and  kind  attention  of  the  Abate  Fortis 
to  my  accommodation  in  every  refpe£t,  during  the  fhort  time  that  I  had  it  in  my 
power  to  fpend  in  examining  the  Euganean  hills,  and  other  curious  diftri&s  of  the 
Venetian  territory.  It  is  much  to  be  regretted  that  the  many  interefting  papers  which 
this  gentleman  has  given  to  the  world,  at  different  times  and  in  various  fhapes,  on 
particular  parts  of  the  north  of  Italy,  have  never  been  colle&ed  into  one  publication. 
Many  valuable  works  of  Signior  Giov.  Arduino  of  Venice  have  alfo  appeared  in  the 
fame  fcattered  manner,  which,  though  written  fome  years  back,  would  form  a  molt 
ufeful  cohesion  of  accurate  local  deferiptions  and  obfervations.  At  prefent  it  is 
very  troublefome  and  difficult  to  procure  many  of  the  writings  of  thefe  authors* 
even  i,n  the  countries  where  they  were  publifhed 
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of  peafants  well  acquainted  with  the  country.  In  one  of  thefe 
I  had  the  pleafure  of  feeing  the  quarries  of  fodil  fifh  at  Monte 
Bolca.  Of  thefe,  and  fuch  circumdances  relating  to  them  as 
the  very  fhort  time  I  could  fpend  there  enabled  me  to  collect, 
I  fliall  proceed  to  give  the  Academy  the  bed  account  in  my 
power  ;  relating,  firft,  the  fadts  as  I  found  them  ;  and  then  the 
inferences  which  they  fuggeded  to  my  mind  as  to  the  poffible 
immediate  caufes  of  this  flriking  phenomenon. 

* 

Monte  Bolca  lies  on  the  border  of  the  Veronefe  territory, 
about  fifty  miles  W.  N.  W.  of  the  Lagunes  of  Venice,  which,  I 
believe,  is  the  neared  fea.  I  am  not  informed  of  its  height, 
but  it  mud  be  pretty  confiderable,  as  I  underdood  from  the 
inhabitants  that  the  climate  is  too  cold  for  the  growth  of  the 
country  fruits  which  are  common  about  every  peafant’s  houfe 
in  the  lower  grounds,  fuch  as  apricots,  apples,  cherries,  &c. 
as  well  as  vines.  It  forms  one  of  the  chain  or  ladder  of  fecon- 
dary  hills,  which,  from  fome  didance  within  the  adjoining 
Vicentine,  rife  gradually  above  one  another  to  the  Alps  of  the 
Bifhopric  of  Trent. 

Great  part  of  this  tract  of  country  has  been  confidered 
by  many  Italian,  as  well  as  other  naturalids  of  eminence  that 
have  vifited  it,  as  covered  with  productions  of  extindt  vol¬ 
canoes.  The  fuppofed  lava  of  thefe  didridts  differs  effentially 
from  that  of  which  the  Euganean  hills  are  compofed  ;  this 
latter  is  of  a  whitifh,  yellowifh  or  brownifh  grey,  rough  and 
coarfe  in  the  grain,  and  mixed  with  numerous  minute  frag- 
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mentis  of  what  they  denominate  fchorl  and  felt-fpar ;  whence 
Sir  John  Strange,  Monfieur  de  Dolomieu,  and  others,  have  called 
it.  granitical,  though  unlike  granite  in  many  important  points: 
But  the  fuppofed  compact  lava  of  the  Vicentine  and  Veronefe 
is  black,  or  dark  blue,  of  a  clofe  and  rather  fine  grain,  even, 
and  almoft  homogeneous,  except  that  it  fometimes  contains  a 
few  fragments  of  fchorl,  and  is  wholly  of  the  argillaceous 
genus,  and  of  the  trapp  or  homblend  fpecies ;  and  in  fhort 
almoPc  perfectly  refernbles  our  bafidtic  ftone  of  the  county  of 
Antrim,  and  the  N.  W.  of  Scotland.  The  bafaltic  columns  of 
San  Giovanni  Ilarione,  defcribed  by  Sir  John  Strange,  lie  not 
many  miles  from  Bolca,  on  the  fide  of  a  valley  that  leads  to 
it,  and  the  fummit  of  this  hill  itfelf  was,  many  years  ago, 
difcovered  by  Abate  Fortis  to  be  crowned  with  a  great  mafs 
of  tolerably  defined  columnar  bafalte.  •  »  .. 

The  whole  of  the  hill,  as  far  as  I  could  obferve,  feems  to 
be  compofed  of  fimilar,  or  at  leafi:  of  argillaceous  matter,  ex¬ 
cept  the  quarries  in  which  the  fifii  are  found,  which .  are  cal¬ 
careous,  and  lie  at  about  half  a  mile  from  the  fummit.  Befides 
the  difiimilarity  of  thefe  to  the  other  materials  of  the  hill,  it 
is  further  important  to  remark  that  they  do  not  form  a  con¬ 
tinued  ftratum,  but  lie  in  great  and  wholly  detached  and 
diftincd  mafles,  as  it  were  accidentally  imbedded  in  the  fide  of 
the  hill,  fet  in  a  loofe  rubble  of  argillaceous,  and  the  fame 
kind  of  calcareous  fragments,  the  whole  more  or  lefs  in  a 
fiate  of  decompofition. 
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The  mafs  that  has  been  moil  worked  {lands  near  the  point 
of  an  angle  formed  by  two  deep  channels  that  have  been  \\orn 
by  a  greater  and  lefs  torrent  that  meet  there.  The  height  of 
its  face  above  the  prefent  furface  is,  as  well  as  I  can  recollect, 
about  fourteen  or  fifteen  feet  j  but  as  it  cannot  be  determined  to 
what  depth  it  may  be  buried  in  the  ground,  it  is  not  eafy  to 
judge  what  its  pofitive  heighth  or  breadth  may  be.  The  length 
of  the  face,  I  fhould  fuppofe,  for  I  did  not  meafure  it,  may  be 
two  hundred  feet  or  upwards.  The  {lone  is  of  a  fchiftous  or 
flag-like  ftrudture,  the  leaves  lying  in  the  fame  diredlion,  and 
parallel  to  each  other ;  but  this  direction,  it  is  to  be  remarked, 
is  neither  horizontal,  nor  coincident  with  the  flope  of  the  hill. 

I  got  fome  of  the  people  that  are  ufually  employed  in  work¬ 
ing  the  quarry  to  bring  their  tools,  and  fliew  me  their  manner 
of  operation,  as  well  to  be  informed  in  this,  as,  if  poflible,  to 
fee  fome  fifli  actually  opened  in  the  {lone.  Unfortunately  the 
day  proved  very  wet,  rvhich  prevented  my  having  more  than 
two  or  three  workmen,  but  from  thefe  I  procured  almoft  all  the 
information  and  fatisfadion  I  could  expedl.  I  fpent  nearly  three 
hours  on  the  fpot,  during  which  time  I  not  only  faw  fome 
fifli,  as  well  as  a  fevr  remains  of  marine  vegetables  found  by  the 
men,  but  had  the  pleafure  to  find  fome  myfelf,  opening  with 
my  own  hands  ftones  which  contained  them.  Thefe  I  collected, 
packed  and  brought  home  ;  and  fome  of  them  are  now  in  the 
mufeum  of  the  Academy  :  They  are  but  fmali  indeed,  and  in 
the  mutilated  flate  that  accident  prefented  them  ;  but,  I  believe, 

they 
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they  are  amply  fuflicient  to  authenticate  the  principal  fad,  if  - 
any  one  fhould  be  found  to  doubt  it. 

The  manner  of  working  thefe  dones  is  by  detaching  from 
the  face  of  the  quarry  moderate  fized  blocks,  which  are  then 
drawn  out,  fet  an  edge,  and  quickly  fplit  with  fharp-dded  ham¬ 
mers  or  wedges,  the  workmen  glancing  between  the  leaves,  to 
obferve  if  there  be  any  mark  of  fifh,  or  other  organic  fubdance ; 
when  they  difcover  fuch,  if  they  happen  to  be  fhattered,  as 
they  generally  are,  by  the  rude  manner  of  opening,  and  the  fra¬ 
gile  texture  of  the  done,  they  fet  about  to  colled  all  the  frag¬ 
ments  that  compofe  the  piece  as  carefully  as  poffible,  detach¬ 
ing  alfo  from  the  great  done  fuch  parts  as  may  remain 
adhering  to  it.  When  their  day’s  work  is  finifhed,  they  bring 
their  colledions  to  their  houfes,  until  they  happen  to  go,  either 
to  market,  or  on  any  other  occafion,  to  Verona,  when  they  take 
them  in  bafkets,  juft  as  they  are,  to  the  proprietor  of  the  foil, 
who  is  their  landlord  and  employer  ;  or  frequently,  I  believe,  to 
fell  underhand,  for  their  own  profit,  to  fome  naturalid  there, 
or  to  fome  of  the  fhops  that  vend  thefe  produdions.  Thofe  who 
receive  them  in  this  manner  from  the  peafants  are  then  obliged 
to  employ  a  fkilful  done-cutter,  to  find  and  arrange  together  the 
feveral  fragments  that  compofe  each  piece,  and  fineer  or  cement 
them  on  another  done  of  the  fame  kind,  which  is  fometimes 
done  with  fuch  art  and  exadnefs  that  it  is  not  eafy  to  difcern 
where  they  have  been  joined  ;  and  thus  the  fpecimens  are  made 
up  for  cabinets  or  for  fale. 
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Besides  this  principal  quarry  or  mafs,  from  which  almofi  all 
the  fifh  yet  found  have  been  extracted,  the  workmen  fhew  two 
or  three  others  of  the  fame  llone  feated  in  the  fides  of  the 
adjoining  banks,  fome  of  which,  they  faid,  had  been  difcovered 
not  long  fince :  They  had  all  been  tried,  and  were  found  pre- 
cilely  of  the  fame  kind,  and  equally  containing  fifh  ;  but  the 
people  being  very  poor,  and  no  funds  allowed  for  the  bufinefs, 
which  would  require  confiderable  expenfe  to  clear  away  the 
bearing,  and  prepare  for  working  to  advantage,  nothing  of  con- 
fequence  had  been  done. 

The  foil  of  thefe  quarries  had  been  the  property  of  a  Signor 
Bozza,  formerly  an  apothecary  of  Verona,  who  purchafed,  or 
took  it  on  leafe,  many  years  ago,  and  whofe  cabinet  is  too  well 
known  to  all  the  naturalifb  of  Europe,  and  has  been  too  long 
one  of  the  principal  objects  of  the  attention  and  admiration  of 
thofe  who  pafs  through  this  town,  to  make  it  neceffary  for  me 
to  enter  into  any  detailed  defcriptiop  of  it ;  but  while  I  was 
there  his  whole  colle&ion,  with  the  quarries,  Was  agreed  for, 
and,  as  I  was  informed,  purchafed,  at  a  very  confiderable  expenfe, 
by  the  Marquis  Gazola,  of  that  city.  This  gentleman  had 
already  a  very  fine  colle&ion  of  his  own,  containing  many  fifh 
that  were  not  in  Bozza’s.  He  was  fo  kind  as  to  give  me  a 
catalogue  of  thefe,  in  addition  to  Bozza’s  printed  catalogue, 
both  of  which,  as  1  have  not  feen  them  in  any  publication,  1 
(hall  fubjoin  to  this  paper*.  They  will  be  found  to  contain  to¬ 
gether 

*  I  give  thefe  catalogues  juft  as  I  received  them  from  Mr.  Bozza  and  the  Mar¬ 
quis  Gazola,  pofieffing  neither  fufficient  knowledge  of  the  natural  hiftory  of 

fifties 


[  1°  ] 

gcther  the  fcientific  names  of  upwards  of  one  hundred  different 
fpecies  of  flfh,  with  didinct  references  to  the  authors  by  whom 

they  have  been  defcribed,  and  the  plates  in  which  they  are  re- 
prefented  ;  fo  that  thofe  who  will  take  the  pains  may,  by  adual 
comparifon,  judge  of  the  refemblance  and  propriety  of  denomi¬ 
nation.  But  what  is  moft  remarkable  is,  that  thefe  fifh  are 
defcribed,  by  the  authors  referred  to,  as  the  modern  natives  of 
various  feas,  mod  remote  from  each  other ;  and  not  of  Europe 
only,  but  of  Afla,  the  Indian  Ocean,  the  South  Sea,  Africa,  North 
and  South  America  ;  and  in  addition  to  thefe  fome  few  of  fweet 
water*. 

That 

fifhes  to  enable  me  to  judge  whether  the  cabinet  fpecimens  have  been  faithfully 
denominated  or  not,  nor  having  had  time  or  leifure  enough  at  Verona,  though  I 
had  underftpod  the  fubjedl,  to  go  through  fuch  an  examination.  I  will  not  even 
venture  to  anfwer  whether  fome  tricks  may  not  have  been  played  by  the  Hone- 
cutters  who  arrange  thefe  fpecimens  : — Whether,  for  inflance,  they  may  not,  in 
fome  cafes,  have  contrived  to  fuit  pieces  of  different  fiih  to  each  other  in  fuch  a 
manner  as  to  form  a  whole  that  might  correfpond  with  the  plates  in  books  of 
natural  hiftory.  Such  an  idea  has  been  fuggefted,  perhaps  founded  on  the  well- 
known  dexterity  of  Italian  workmen  in  umilar  fabrications  ;  but  in  the  prefent 
inflance,  though  I  will  not  fay  it  is  abfolutely  impolfible,  I  really  think  it  fo  very 
improbable  as  to  deferve  little  ferious  attention. 

*  Mr.  Bozza,  in  a  paper  publilhed  by  him  a  few  years  ago,  fpcaks  of  his  col¬ 
lection  as  follows  :  “  In  my  cabinet,  which  contains  upwards  of  fix  hundred  fifh 
“  of  different  fizes,  all  extracted  from  Bolca,  there  are  more  than  one  hundred 
“  whofe  kinds  are  known,  which  differ  from  each  other  in  genus  and  fpecies,  and 
“  many  others  lefides  to  which  fimiiar  living  ones  have  not  yet  been  c! if  covered.”  In 
another  paffage  he  adds,  “  The  firfl  decade  of  fiih  publilhed  by  M.  Brouffonet  has 
“  afcertained  to  us  that  many  of  thofe  found  at  Bolca  are  natives  of  the  South 
“  Sea — of  thefe  I  have  four,  which  agree  exaffly  in  form,  in  proportions  and  in 
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That  all  thefe  Should  be  found,  as  is  afferted,  perfectly 
and  unequivocally  defined  within  the  narrow  compafs  of  the 
quarry  of  Monte  Bolca,  mu  ft  furely  be  considered  a  very  afto- 
nifhing  circumftance,  and  fuch  as  I  believe  can  fcarcely  be 
paralled  in  what  has  hitherto  been  difcovered  of  the  natural 
hiftory  of  our  globe. 

It  has  been  already  obferved,  that  the  ftone  in  which  thefe 
fifh  are  found  is  calcareous,  and  of  a  fchiftous  ftru&ure,  capa¬ 
ble  of  being  fplit  into  flags  or  laminae  of  various  thicknefs 
and  dimenfions.  Moft  mineralogifts  who  have  mentioned  it 
call  it  a  marie  or  marley  fchift.  Its  colour  is  whitiSh,  yellowifti 
or  bluifh  grey  ;  the  grain,  though  not  coarfe,  is  very  dull  and 
earthy ;  it  varies  a  good  deal  in  hardnefs,  but  in  general  eafily 
yields  to  the  knife,  though  not  to  the  nail.  Every  part  of  the 
mafs,  whether  immediately  furrounding  fifh  or  not,  on  being 
ftruck  or  fcraped  hard,  emits  a  peculiar  kind  of  fetid  fmell  which 
cannot  eafily  be  defined.  It  is  fomewhat  of  the  kind,  yet  dif¬ 
fers  confiderably  from  the  fmell  of  the  lapis  fuillus  or  fwine- 
ftone.  It  is  not  properly  hepatic,  unlefs  perhaps  it  might  be 
called  animal-hepatic*. 

C  The 

“  fins  with  four  defcribed  by  M.  Broufionet,  which  arc  peculiar  to  the  fea  of 
“  Otaheite,  which  are  the  Polynetnus  plebeius ,  or  Emoi  of  the  Otaheitans  ;  the  Go- 
“  bius  ftrigatus,  which  they  call  Jaipoa  ;  the  Chsetodon  trioftegus,  and  the  Gobius 
“  ofcellaris — Thefe  perfectly  correfpond  with  the  fifh  given  by  Sir  Jofeph  Banks 
to  M.  Broufionet. 

*  Abate  Fortis  obferves  the  fame  thing  of  the  calcareous  ftone,  containing  many 
(hells  of  the  valley  of  Ronca  in  the  Veronefe,  at  no  great  diftance  from  Bolca. 
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The  fifh  are  of  a  dark-brown  colour,  and  therefore  appear 
very  difiindly  on  the  light  ground  of  the  done;  they  lie  flat 
between  the  lamince  ;  their  profile,  and  their  feveral  parts,  little, 
if  at  all,  diflorted  from  their  natural  fhape  and  dimenfions, 
except  that  in  fome  cafes  the  flone  inclofing  them  feems  to  have 
fuffered  fome  little  diflurbance,  as  if  by  fettlement,  after  their 
inclofure,  by  which  they  are  found,  at  times,  fomewhat  frac¬ 
tured,  and  the  parts  a  little  disjoined.  Their  whole  form  is 
well  defined,  but  the  harder  parts,  fuch  as  the  head,  fins,  fpine, 
with  the  bones  that  branch  from  it  on  either  fide,  and  indeed 
all  the  bones  in  general,  as  well  as  in  fome  the  feales,  are  re¬ 
markably  well  exprefled.  The  dark-brown  matter  compofing 
thefe  fifh  remains  diftind,  and  may  be  picked  off'  from  the  flone, 
and  projeds  in  proportion  to  the  thicknefs  of  each  part  in  its 
natural  ftate.  It  is  hard,  brittle,  and  rather  glofly  through  its 
fubftance,  except  in  fome  of  the  grofler  bones,  fuch  as  the 
joints  of  the  vertebras,  which,  though  of  this  appearance  exter¬ 
nally,  are  found,  when  broken,  to  confift  internally  of  laminar 
cryftallized  calcareous  fpar. 

To  fhofe  who  may  not  have  an  opportunity  of  feeing  fpe- 
cimens  of  thefe  fifh,  it  is  further  proper  to  mention,  that  when 

i 

the  leaves  of  flone  that  enclofe  them  are  opened,  the  forms 

are 

«  Every  ftroke  of  the  hammer  or  other  folid  body,”  fays  he  “  difengages  from  this 
“  (tone  a  moft  fetid  cadaverous  odour,  by  no  means  bituminous,  but  a  true  fmell 
“  refulting  from  decayed  animal  putrefa£tive  matter.  Di  vero  fraeidume  animate” 
Fortis  Della  Valle  Vulcanico-Marina  di  Ronca,  p.  24. 
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are  found  equally  announced  on  each  of  the  oppolite  fides,  with 
this  difference  however,  that  more  or  lefs  of  the  prominent 
brown  matter  of  the  bones,  fins,  and  other  parts,  fometimes 
adheres  to  one  leaf  and  fometimes  to  another,  or  frequently 
is  divided  between  both  ;  the  prominences  on  one  fide,  when 
'  the  pieces  have  been  carefully  and  well  put  together,  being  ex- 
adly  anfwered  by  correfponding  hollows  on  the  other  5  and  thus 
the  more  valuable  fpecimens  are  formed  in  duplicates.  This, 
properly  confidered,  muft  furely  make  the  difficulty  of  fabrication, 
in  fuch  inftances  at  lead,  fo  great,  that  it  may  well  be  deemed 
infurmountable  ;  and  if  not  from  the  nature  of  the  cafe  itfelf, 
yet  decidedly  fo  at  fuch  an  expenfe,  as  either  the  capital  of  the 
late  proprietor,  or  the  prices  at  which  I  underftood  he  fome¬ 
times  parted  with  fpecimens,  would  bear  ;  fome  in  his,  as  vrell 
as  in  Marquis  Gazola’s  own  cabinet,  were  of  an  immenfe  fize ; 
certainly,  as  the  catalogue  mentions,  fully  three  feet  long. 

I  have  now  related  all  the  fads  worthy  of  notice  which  I 
recoiled  to  have  fallen  within  my  obfervation  relative  to  thefe 
curious  foffils;  and  I  truft  I  have  done  fo  faithfully  and  with¬ 
out  a  view  to  any  particular  theory  or  fyflem  of  explanation  : 
In  fad,  I  vifited  the  fpot  where  they  are  found  wholly  unpre¬ 
judiced  as  to  the  manner  of  accounting  for  the  phaenomenon, 
and  indeed  wholly  uninformed,  as  I  Hill  am,  of  any  attempt  to 
account  for  it,  except  on  vague  and  general  principles  *.  What 

C  2  I  ffiall 

*  Whether  the  following  attempt  to  aflign  immediate  caufes  for  the  production 
of  the  phenomena  now  defcribed  can  lay  claim  even  to  novelty,  as  a  recommenda- 
...  -  tioH 
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I  fhall  now  venture  to  lay  before  the  Academy  on  this  fubje$, 

I  can  therefore  fay  with  confidence,  is  purely  the  refult  of  in¬ 
ferences  fuggefted  to  my  mind  by  the  appearances  of  the  obje&s 
themfelves,  and  their  feveral  concomitant  circumftances. 

I  suppose  no  one  that  has  attended  to  the  defcription  of 
thefe  folfils,  and  fiill  lefs  that  has  examined  the  fpecimens  them¬ 
felves,  will  doubt  that  the  forms  which  they  exhibit  are  the 
remains  of  once  actually  exifling  fifh. 

But  thefe,  it  fhould  be  well  remarked,  differ  effentially  from 
the  forms  of  fi(h  that  are  frequently  found  in  argillaceous  fchif- 
tus,  as  well  as  from  what  are  commonly  called  petrifadions  of 
fhells,  &c.  which  abound  in  moil  lime-fione  ftrata.  In  this 
latter  cafe  we  have  feldom  more  than  the  mere  external  fhapes 
preferved  ;  the  fubftance  is  wholly  changed,  and.  what  remains 

refe  rubles, 

tion  to  the  attention  of  the  Academy,  I.  cannot  pofitively  afiert,  my  information  in 
thefe  fubjeds  being  very  limited ;  I  can  only  fay,  that  nothing  of  the  kind  has 
fallen  within  my  obfervation.  I  have  confulted  fome  modern  Italian  writers  of 
mineralogy  and  natural,  hiftory,  b.ut  find  them  very  concifs  in  what  they  fay  of  thefe 
fifh.  P.  Petrini,  the  very  worthy  mineralogical  profefTor  of  the  Collegio  Nazzareno 
at  Rome,  has  an- appendix  to  the  2d  vol.  of  his  Gabinetto  Mineralogico  del  Collegio 
Nazzareno,  publi-fhed  at  Rome  in  1792,  which  treats  exprefsly  of  petrified  remains 
of  animal  and  vegetable  fubflances,  but  contains  nothing  relative  to  thefe.  Signior 
Bozza,  in  his  paper  above  quoted,  which  is  entitled,  Della  Rivoluzione  fofferta  dal 
Globo  Terraqueo,  fpeaks  only  of  remote  and  general  caufes :  And  the  Marquis 
Gazola,  to  whom  I  mentioned  at  Verona  the  outlines  of  the  explanation  here 
attempted,  immediately  after  my  vifit  to  Bolca,  feemed  wholly  unacquainted  with 
any  thing  fimilar.  Thefe  circumftances,  particularly  the  .laft,  led  me  to  prefume 
that  the  ideas  here  given  had  not  been  anticipated,  and  emboldened  me,  on  that 
ground,  to  fubmit.  them  to  the  Academy. 
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refembles,  in  general,  a  portion  of  the  fame  matter  of  which 
the  mafs  conflfts,  caft,  as  it  were,  into  a  mould  formed  by  the 
outfide  impreflion  of  the  (hell*.  In  fome  cafes  the  (hell-formed 
nucleus  differs  from  the  furrounding  matter,  by  being  of  a 
brighter  colour,  and  of  a  fparry  texture  ;  but,  in  almofl:  all,  the 
original  (hell  that  gave  the  impreflion  exifts  no  longer  as  fuch, 
nor  any  certain  remains  of  it.  The  fame  holds  equally  in  the 
former  cafe,  a  bare  impreflion  of  fi(h  only  remaining,  and  feldom 
any  thing  that  can  be  thought  to  refemble  any  part  of  the  fub- 
ftance  that  gave  itf;  whereas  in  thefe  of  Monte  Bolca,  not  only 

the 

*  It  is  to  be  obferved  that  I  fpeak  here  only  of  the  petrified  fhells  that  are  found 
imbedded  in  folid  lime-ftone  ftrata,  and  forming  part  of  the  {tone  ;  yet  even  thefe 
{hells  and  their  fragments  fometimes,  though  rarely,  retain  their  natural  fubftance 
and  appearances,  as  in  the  beautiful  Lumachella  di  Carinthia  ;  but  in  lefs  compact 
beds,  fuch  as  fand,  marie,  clay,  &c.  fhells  are  often  found  little  changed  from  their 
original  ftate. 

f  Impreffions  of  fifh,  partly  in  argillaceous  and  partly  in  calcareous  fchiftus, 
have  been  found  in  a  variety  of  places  :  In  Syria,  between  Batron  and  Diebail ;  in 
the  mountains  of  Caftravan,  near  Baruth  ;  in  Antigua,  nine  hundred  feet  above  the 
level  of  the  fea  ;  at  Monte  Viale  in  the  Vicentine ;  at  Scapezzano  in  the  Campagna 
of  Rome ;  in  the  valley  of  Claris  ;  at  Mont  Pilate,  in  the  canton  of  Lucern ;  near 
Angers  ;  and  at  Eichfledt  in  Franconia.  Thefe  are  moftly  fea  fifh.  River  fifh  are 
found  in  the  copper  flats  of  Eifleben,  in  the  county  of  Mansfeld,  near  Pappenheim 
in  the  Pallatinate,  and  at  CEningen  in  Suabia.' — See  P.  Pinis  Mem.  fulle  rivoliL- 
gions  del  Globo  terreftre,  in  the  5th  vol.  of  the  Societa  Italiana  of  Verona,. 
p.238.  Mr.  Rafpe  informs  me  that  a  Baron  Francis  Beroldingen  has  given,  fome 
years  ago,  a  very  circumftantial  and  fatisfa&ory  account  of  the  fifh  found  at  CEnin¬ 
gen  -,  but  I  have  not  feen  his  work.  He  alfo  tells  me  he  faw,  many  years  ago,  a 

fpecimen  equal  to  any  of  the  Bolca  fifh  in  the  pofieffion  of  the  late  ProfefTor 

Green  at  Cambridge,  found  in  fome  part  of  Leicefterfhire,  but  he  could  not  learn 

the  exa£t  place — He  adds  that  he  has  lately  found  numberlefs  impreffions  of  fifh- 

in. 
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the  forms  are  preferved  uncommonly  perfedt,  but  even,  every 
refidue  of  animal  matter  that  could  be  expe&ed  to  refill  the 
natural  deftru&ive  caufes,  and  the  immenfe  lapfe  of  time  in 
any,  the  moll  favourable  circumftances,  is  found  Hill  exifting. 
The  prominent  brown  matter  with  which  all  the  harder  and  lefs 
corruptible  parts  of  the  animal  are  fo  ftrongly  marked  in  the 
Hone,  and  which  may  be  detached  from  it  with  the  point  of  a 
knife,  infpedion  alone  will  determine  to  be  of  a  nature  wholly 
different  from  the  inclofing  fubftance,  and  as  far  as  can  be  pre¬ 
fumed  without  analyfis,  to  be  the  adual  dry  remains  of  the 
animal  bodies,  in  fuclra  fiate  as  almoll  to  authorize  their  being 
called  fifh-mummiesf. 

But  when  we  recoiled  of  what  very  foft  and  corruptible  ma¬ 
terials  the  bodies  of  fillies  are  compofed,  not  confiding  of  the 

.  firm 

in  bituminous  fchittus,  in  Caithnefs  on  the  river  Thurfo  near  Carfgo  *,  and  on 
the  flope  of  Gertton-hill.  To  thefe  I  will  add  a  fith  engraved  and  thortly  men¬ 
tioned  by  Dodtor  Nath,  in  his  Hittory  of  Worcetterthire,  p.  236,  and  found  in  a 
ftone-pit  of  the  parifh  of  Cleve  or  Clive  in  that  county,  for  the  communication 
of  which  I  am  indebted  to  the  Bithop  of  Dromore.  With  regard  to  mott  of  thefe 
the  ingenious  M.  Volta,  in  his  Elements  of  Mineralogy,  publithed  in  8vo.  at  Cre¬ 
mona,  1787,  p.  292,  obferves,  after  fhortly  mentioning  the  fith  of  Mount  Bolca, 
that  in  Germany  and  elfewhere  flate  and  calcareous  ftones  are  found  containing 
the  impreflions  of  the  bones  or  tkeletons  of  various  fpecies  of  fith,  the  reft  of  the 
animal  being  dettroyed ;  and  thefe  impreflions  he  denominates  Typolites,  to  dif- 
tinguith  them  from  thofe  which  he  calls  peculiarly  Icthyolites,  which  term  he 
confines  to  fuch  fpccimens  as  exhibit  the  animal  itfelf  either  dried  or  petrified  ; 
and  of  thefe  lath  the  only  inttance  that  he  gives  is  the  fith  of  Bolca. 

h  M.  Volta  calls  the  manner  in  which  thefe  fith  are  preferved  a  Natural  Em- 
ba'ming. — Elern.  Min.  p. 
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firm  mu  Teles  and  tendons  that  inveft  the  bones  of  land  animals  ; 
when  we  call  to  mind  in  how  very  fhort  a  time  fuch  of  them 
as  die,  or  remain  dead  in  their  own  element,  do  adually  cor¬ 
rupt,  and  run  into  fuch  complete  diffolution  as  to  obliterate  the 
whole  form,  the  bones  only  remaining,  a  fragile  and  imperfect 
indication  of  the  fpecies  to  which  they  had  belonged  j — and  fur¬ 
ther,  when  we  find,  in  the  cafes  juft  now  mentioned,  that  fub- 
ftances  fo  hard  and  durable  as  fhells  have  not  been  able  to  with- 
ftand  the  corroding  influence  of  time,  muft  it  not  aftonifh  us 
to  find,  that  in  this  inftance,  nature  has  been  able  to  effeeft  more 
than  perhaps  the  moft  ftudied  art  could  have  accomplifhed,  and 
will  it  not  force  us  to  have  recourfe  to  more  than  ordinary 
caufes  to  account  for  a  phenomenon  fo  extraordinary  ? 

The  very  perfect  prefervation  of  the  living  form  which  we  . 
fee  in  thefe  fpecimens,  I  confider  as  a  certain  proof  that  the 
animals  could  not  have  been  long  dead  before  they  were  en- 
clofed  in  the  matter  that  furrounds  them ;  from  the  fame  cir- 
cumftance  it  follows  equally,  that  this  matter  muft  have  been 
in  a  very  fine  and  pulverulent  ftate,  fufpended  in,  or  fubfiding 
from  the  water  in  which  the  fifh  fwam  not  long  before.  Here 
then  we  have  next  to  a  demonftration,  of  two  inferences  of 
moft  important  and  fundamental  fads,  which  are  of  material 
confequence  to  our  prefent  enquiry  :  Firft,  that  thefe  animals 
were  alive,  and  of  courfe  that  the  water  in  which  they  were 
was  clear  and  fit  for  the  fupport  of  their  life,  at  a  very  fhort 
period  before  they  were  enveloped  in  the  matter  of  their  prefent 
ftony  enclofure ;  and  fecondly,  that  this  matter  muft  have  been 
very  fuddenly  diftufed  through  that  water  in  a  pulverulent  ftate, 

from 
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from  whence  fpeedily  fubfiding,  it  caught  and  enclofed  the  fifh 
now  dead,  and  probably  deriving  their  death  from  this  very 
caufe. 

These  inferences  being  admitted  to  follow,  from  the  prefer- 
vation  of  the  exadt  form  as  we  fee  it  in  thefe  fifh,  we  may 
advance  a  hep  farther,  and  obferve,  that  as  not  only  the  form 
is  preferved,  but  a  remarkable  proportion  of  the  very  animal 
fubhance,  to  account  for  this  effedt  we  fhall  find  it  neceffary 
to  fuppofe,  that  the  enclofing  matter  muff  have  been  of  fuch 
a  nature,  or  in  fuch  a  hate,  as  to  fit  it  for  the  fpeedy  abforption 
of  the  fofter  and  more  pulpy  parts  of  thefe  fifh,  as  fah  as  they 
became  abforbable. 

To  fee  the  neceflity  of  this  concluhon,  let  us  in  the  firh 
place  recollect  that  the  whole  operation  muh,  from  the  nature % 
of  the  cafe,  be  conceived  to  have  taken  place  in  or  under  water  ; 
either  then  we  muh  fuppofe  that  the  dead  fifh  continued  float¬ 
ing  at  large,  until  the  procefs  of  putrefadtion  had  taken  place,  in 
which  cafe,  indeed,  the  conveyance  of  the  corrupting  animal 
matter  is  eafily  accounted  for $  but,  with  it,  the  forms,  not  to 
fay  thofe  parts  of  their  fubhance  that  are  feen  to  remain,  would 
be  wholly  loh ;  or  elfe  we  muh  imagine  them  arrefted,  before 
putrefadtion,  in  the  depofition  of  their  prefent  hony  bed,  by 
which  all  accefs  to  the  water  as  the  vehicle  of  the  foft  putrefying 
parts  is  cut  off,  and  we  muh  look  for  fome  other  mode  of  account¬ 
ing  for  the  fpeedy  removal  of  thefe  parts ;  but  fuch  removal,  by 
fome  means  or  other,  is  abfolutely  neceffary  to  be  fuppofed ; 
for  fhould  this  tender  animal  matter  reft  any  time  unremoved, 

it 
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it  would  not  only  foon  infed  and  involve  all,  but  the  mod  folid 
■bones  perhaps,  in  one  complete  corruption  and  difiblution,  and 
confequently  leave  no  other  vedige  of  the  animals  remaining ; 
but,  by  the  difengagement  of  putrid  air,  or  of  the  different 
fpecies  of  gafes  produced  by  the  putrefadive  fermentation,  either 
the  furrounding  matter  mud  be  puffed  into  cavities  and  air- 
bladders  ;  or,  if  the  medium  was  fufiiciently  yielding  to  admit 
thefe  gafes  to  colled  and  force  a  paffage  upwards,  fuch  an  in- 
tedine  motion  mud  be  produced,  as  would  have  greatly  dis¬ 
turbed,  if  not  dedroyed,  not  only  the  regular  laminar  drudure 
of  the  done,  but  the  very  forms  and  fubdance  of  the  fifh  as 

i  . 

we  fee  them,  contrary  to  experience,  and  the  adual  date  of  the 
fads.  .  r 

■  •  ■  -  •  !  r  1 ; 
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From  thefe  condderations  therefore  it  feems  jud  to  conclude 
that  the  bodies  of  thefe  animals  did  not  undergo  any  fimultaneous 
putrefadion  ;  but  as  it  is  clear  that  their  oily,  mucilaginous,  and 
other  foft  parts  mud  have  been  conveyed  away,  to  have  pro¬ 
duced  this  effed,  without  general  putrefadion,  in  the  circum- 
dances  here  dated,  I  conceive  can  only  be  explained  on  the 
fuppofition  of  a  rapid  abforption  of  thefe  by  the  inclofing 
matter,  as  fad  as  they  become  capable  of  it. 

W e  are  now  to  look  for  a  caufe  adequate  to  the  produdion 
of  the  feveral  effeds,  which,  from  the  above  datement,  appear  to 
have  taken  place,- — a  caufe  which  fhall  account  for  the  fudden, 
and,  as  I  may  call  it,  unexpeded  diffufion  in  a  part  of  the  fea, 
of  the  kind  of  dony  matter  that  we  find  inclofing  thefe  fifh, 
in  a  pulverulent  form,  and  in  the  immenfe  quantity  indicated 
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by  the  bulk  of  the  mafs  ;  for  their  immediate  lofs  of  life  and 
fpeedy  inclofure  in  a  bed  of  this  matter — and  for  fuch  a  ftate 
of  it  as  fliould  render  it  capable  and  fit,  though  immerfed  in 
water,  for  the  ab'forptkm  of  the  fofter  animal  parts  before  fer¬ 
mentation  could  arife,  as  well  as  for  leaving  the  harder  and  lefs 
abforbable  portions  of  their  fubftance  undeftroyed,  and  in  fuch 
a  ftate  as  to  refill  the  no  lefs  deftrudtive  influence  of  fucceeding 
time. 

And  here  we  are  naturally  led,  by  the  quality  and  circum- 
fiances  of  the  inclofing  flone,  to  a  Ample  caufe,  which,  though  it 
might  be  too  much  to  after  t  to  be  demonftratively  the  real  one, 
yet  I  believe  will  be  allowed  fully  equal  to  the  effects,  and 
perhaps  I  might  venture  to  fay,  almoft  exclufively  fo.  This  flone, 
it  has  already  been  obferved,  is  wholly  calcareous,  of  a  light 
colour,  of  a  grain  dull  though  fine,  and  wholly  devoid  of  any 
cryflaliine  or  fparry  appearance.  Now  it  is  well  known  that 
lime-ftone,  whatever  its  original  colour  may  have  been,  becomes 
uniformly  white  or  whitilh,  on  being  calcined  or  burnt  more  or 
lefs  to  a  lime  ;  that  after  this  calcination  it  immediately  flacks 
or  falls  into  a  powder,  on  being  immerfed  in  water ;  and  by  agi¬ 
tation  is  eafily  diffufed  in  this  element,  from  which,  if  left  in 
tranquillity,  it  foon  fubfides  in  a  pulverulent  fiate ;  that  this 
difiufion  of  lime  in  water  quickly  deprives  of  life  fuch  fifh  as 
happen  to  lie  within  its  reach ;  and,  in  fine,  there  is  every  reafon 
to  believe,  that  a  depofition  of  this  nature  pofleflfes  remarkably 
the  quality,  juft  deferibed,  of  quickly  abforbing,  even  in  water, 
the  oily  and  other  foft  parts  of  animals  ;  and,  when  fufticiently 

flacked, 
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Hacked,  and  thus  impregnated  with  animal  matter,  without 
defiroying  the  harder  and  firmer  parts*. 

The  application  of  thefe  circumfiances  is  eafily  imagined, 
and  will  be  found  to  correfpond  remarkably  with  all  the  ap¬ 
pearances  in  the  cafe  before  us.  This  depofition,  gradually  and 
fucceflively  concreting  at  the  bottom  of  the  water,  may  naturally 
be  expeded  to  aflume  a  flag-like  or  laminar  ftrudlure ;  the  grain 

D  2  too 
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*  To  this,  the  caudicity  of  lime,  and  its  well-known  application  to  dead  bodies, 
with  a  view  to  their  dedruction,  may  be  objected.  On  this  account  it  may  be 
looked  upon  by  many  as  a  total  dejtroyer  indcad  of  a  partial  preferver  of  animal 
fubdances.  But  befides  the  diminution  of  this  caufticity  by  didufion  in  fo  great  a 
body  of  water  as  our  cafe  fuppofes,  we  know  that  it  mull  foon  have  acquired  a 
fufficiency  of  fixed  air,  or  of  the  carbonic  principle,  from  the  abundance  of  animal 
juices  furnifhed  by  the  immenfe  number  of  fifh  contained,  to  render  it  mild  and 
prevent  its  preying  on  the  firmer  parts.  This  may  eafily  be  decided  by  actual  ex¬ 
periment  : — Mean  time  I  beg  to  refer  the  Academy  to  the  fubjoined  paper,  which 
our  learned  and  ingenious  member,  Dean  Hamilton,  who  happened  to  be  prefent  at 
the  firft  reading  of  this  effay,  has  fince  done  me  the  favour  to  communicate,  and 
which  contains  facts  and  reafoning  fo  appofite,  that  I  believe  they  may  be  confidered 
conclufive  as  to  the  objection  now  dated.  That  lime,  though  foaked  in  water,  will 
dill  greedily  abforb  oils  or  other  animal  fluids,  experience  will  determine,  and  its 
avidity  for  the  carbonic  principle  will  fully  explain ;  add  to  this  the  weight,  pref- 
fure,  and  confequent  fpeedy  condenfation  of  the  fubfiding  mafs,  and  I  believe  the 
effects  dated  may  be  regarded  as  highly  probable.  But  if  this  be  admitted,  and 
{hall  be  confirmed  by  fuitable  experiments,  it  will  then  deferve  to  be  confidered, 
further,  whether  a  greater  or  lefs  degree  of  caudicity  of  the  inclofing  calcareous 
matter,  fo  far  from  an  objection,  may  not  prove  to  have  been  indifpenfibly  requi- 
fite  to  the  production  of  the  effects,  and,  of  courfe,  whether  the  exidence  of  fuch 
effects  may  not,  in  that  cafe,  be  found  a  proof,  and  a  drong  one,  of  that  date  of 
caudicity,  and  confequently  tend  greatly  to  corroborate,  if  not  to  confirm,  the 
whole  of  the  account  here  given. 
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too  of  this  new  aggregate  fhould  be  wholly  without  luftre,  as 
well  on  account  of  its  calcination,  as  of  its  formation  by  fub- 
fidence  from,  not  in  confcquence  of  folution  in,  a  liquid  men- 
flruum  ;  in  which  laft  cafe  alone  cryflals  are  known  to  be 
produced.  This  will  further  eafily  account  for  the  formation  of 
the  calcareous  fpar  found  within  the  prominences  occafioned  by 
the  joints  of  the  vertebras,  and  the  other  grolfer  bones ;  for, 
thefe  being  frefh  and  found  at  the  firft  arrangement  of  the  flone, 
of  courfe  excluded  the  fubfiding  matter ;  but  in  procefs  of  time 
their  hollows  were  filled,  and  by  degrees,  as  it  decayed,  their 
fubfiance  replaced,  by  a  fuccefilve  filtration  of  water  holding 
calcareous  matter  in  folution,  which  depofited,  plate  after  plate, 
its  cryftalline  matter  in  thefe  cavities.  Of  the  abforption  al¬ 
ready  mentioned,  the  fetid  fmell  emitted  by  every  portion  of 
this  fione  on  being  fcraped,  will  furely  be  confidered  as  affording 
a  ftrong  prefumption,  as  it  perfedly  accords  with,  and  would 
naturally  follow  from,  the  fuppofition,  that  the  whole  had  imbibed, 
and  been  ftrongly  impregnated  with,  animal  matter  *. 

t  l  '  '  .  .  t  »•  r  .  €  .  ,  ,  '  ...  . 
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In  inveftigating  fubje(5ts  of  this  kind,  whofe  origin  lies  fo 
very  remote  from  any  thing  that  either  modern  experience  or 
hifiorie  record  can  produce,  and  particularly  in  a  circumflance  like 

this, 

*  This  impregnation  would  alfo  ’  probably  contribute  to  the  concretion  of  the 
ftone,  as  it  is  known  to  do  in  cements,  floors,  compofitions,  & c.  to  which  cheefe, 
milk,  blood,  and  other  animal  fubftances,  are  often  added  with  this  view.  A  mix¬ 
ture  of  curd,  or  whites  of  eggs,  with  lime,  has  been  long  ufed  as  a  Itrong  cement 
to  repair  broken  China. 
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this,  which  is  fo  very  rare  in  the  hitherto  difcovered  natural 
knowledge^  of  our  globe,  the  utmoft  that  can  be  expeCted  is  a 
reafonable  degree  of  probability,  deduced,  as  the  cafe  may  admit, 
from  more  or  lefs  appofite  analogy.  If  fuch  analogical  reafoning 
be  fairly  applied,  it  is  but  juft  to  expeCt  that  the  confequences 
refulting  from  it  be  admitted,  until  their  falftty  fhall  be  proved, 
or  a  fuperior  degree  of  probability  eftablifhed  on  different  and 
more  folid  grounds.  For  this  reafon  I  {hall,  for  the  prefent, 
venture  to  affume  as  proved  what  I  have  juft  now  fuggefted, 
and  proceed  to  another  link  in  the  chain  of  caufes  that  may  be 
fuppofed  to  have  been  concerned  in  producing  the  effedls  under 

f  .  ;  . ; 

examination.  "  ,  .  . 
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Taking  it  then  for  granted  that  the  fudden  diffufion  of 
lime  in  the  wrater  in  wThich  thefe  fifli  happened  to  be,  and  its 
confequent  depofttion,  was  the  immediate  caufe  of  their  enclo- 
fure,  and  the  origin  of  this  curious  quarry,  we  are  next  led  to 
enquire  in  what  manner  this  lime  may  have  been  fo  burned, 
and  fuddenly  projected  into  water,  which  but  juft  before  was 
proper  for  the  fupport  of  the  animals  inhabiting  it.  And  here 
it  is  fo  obvious  to  have  recourfe  to  fire  as  a  proper  agent  for 
the  calcination  of  lime-ftone,  and,  from  the  apparently  rapid 

•  ......  -  *  •  i 

and  unexpected  projection  of  the  immenfe  quantity  wfeich  the 
thicknefs  of  the  ftratum  indicates,  to  fuppofe  this  fire  to  have 
been  volcanic ;  that  although  no  fufpicion  had  ever  been  enter¬ 
tained  of  the  exiftence  of  fuch  a  caufe  in  the  neighbouring 
country,  or  of  its  operation  on  the  adjacent  foil,  this  fingle  cafe 
would  feem  fufficient  of  itfelf  to  have  excited  fuch  an  idea. 


That 
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That,  where  volcanic  fire  exiits,  it  will  burfl  out  fuadenly, 
fometimes  in  one  place  and  fometimes  in  another,  as  it  hap¬ 
pens  to  find  more  or  lefs  refinance,  is  well  known;  it  is  alfo 
certain  that  the  matter  of  its  ejedions  muff  be  various,  as  the 
fubffances  chance  to  be,  that  lie  within  the  fphere  of  its  activity, 
or  fall  within  its  vortex.  That  Vefuvius,  for  infiance,  (not  to 
fpeak  of  extind  and  dubious  volcanoes,)  has  at  fome  periods 
thrown  out  an  immenfe  quantity  of  marble,  and  other  calcareous 
ffones,  in  various  degrees  of  calcination,  the  belt  naturalifis  that 
have  deferibed  that  volcano  affert,  and  I  can  fully  confirm,  both 
from  adual  obfervation,  and  from  the  fpecimens  which  I  col- 

j  *  -J  i  -  *  .  -  i  ‘  I  i  l  '■  1  )  "  i  ‘  ,  .  , 

leded  there,  and  have  had  the  honour  to  prefent  to  the  Academy. 
Why  then  may  we  not  fuppofe  that  other,  and  more  ancient 
volcgpoes,  may  have  aded  upon  calcareous  matter  ass  well  as 
Vefuvius,  and  in  a  greater  quantity  ?.  The  circumfiances  of  the 
prefent  cafe  feem  to  demand  fuch  a  fuppofition ;  and  if  it  is 
not  inadmiflible  on  ffrong  negative  grounds,  it  invites  our  affent 
by  giving  a  clear  and  eafy  explanation  of  the  feveral  effeds  in 
queffioru 


Although,  for  reafons  which  I  fhall  mention,  it  appears  to 
me  evident  that  the  prefent  fituation  of  the  fifh  quarries  of 
Bolca  cannot  be  that  of  their  original  formation,  yet  the  great 
bulk  of  the  mafTes  that  compofe  them,  will  not  allow  us  to  be¬ 
lieve,  that  they  could  ever  have  been  feated  very  remote  from 
their  prefent  beds.  But  as  it  is  abundantly  clear,  that  the  place 
w?here  they  were  formed  muft  have  been  covered  with  the  fea, 
it  feems  reafonable  to  conclude  that  the  fea  did  then  approach 

much 


# 


[  25  ] 


much  nearer  to  Bolca  than  it  does  at  prefen  t*,  if  it  did  not 
wholly  cover  that  hill.  But,  this  fuppofed,  dill  the  immenfe 
number  and  variety  of  fifh  that  are  found  inclofed  in  the  very 
narrow  compafs  of  thefe  quarries,  fo  far  exceeds  any  thing  that 
in  the  ordinary  courfe  of  nature  is  to  be  met  with  in  any  fea 
of  the  world,  that  fome  uncommon  caufe  mud  have  occurred 
to  ademble  them  thus,  whether  living  or  dead.  Submarine  vol¬ 
canic  commotions  once  admitted,  (and  that  fuch  may  exid  the 
well-atteded  fa<5ts  of  new  idands  produced  by  them,  in  the  Ar¬ 
chipelago  and  elfewdiere,  fufliciently  prove,)  may  we  not,  in  con¬ 
formity  with  the  other  indications,  account  for  this  numerous 
ademblage  of  dffi  in  one  fpot,  by  fuppofing  that  fome  new 
eruption  of  this  kind  might  have  driven  them  from  their  ufual 
haunts,  to  take  refuge  in  fome  place,  the  mod  remote  they 
could  dnd,  from  the  didurbing  caufe ;  or,  having  deprived  them 
of  life,  might  have  impelled  or  whirled  their  bodies  into  one 
pool.  That  the  place  where  they  were  collected,  whether  living 
or  dead,  and  in  which  they  were  buried  in  their  calcareous 
inclofure,  was  not  very  remote  from  land,  feems  inferred  by  the 
mixture  of  river  din  with  thofe  of  the  fea.  This  circumdance, 
as  it  further  proves  the  exidence  of  rivers  at  that  period,  evinces 
alfo  that  of  hills  raifed  much  above  the  level  of  the  fea,  from 
whence  thefe  rivers  derived  their  fources,  and  probably  at  no 
Y'  great 

♦  r  •  ~  * 

*  I  have  already  obferved  that  the  neareft  fea  is  now  upwards  of  fifty  miles 
from  Bolca. 
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great  diffonce  from  this  fpot*,  which  ilands  at  the  foot  of  the 
Alps  of  the  country  of  Trent.  Thefe  fifh  then  poffibly  may 
have  been  forced  or  drifted  into  fome  recefs  adjoining  their  pre- 
fent  fituation,  into  which  tlie  newly  erupted  volcano  fuddenly 
poured  an  immenfe  quantity  of  calcined  calcareous  matter,  and 
thus  gave  rife  to  the  feveral  confequences  that  I  have  already 
defcribed,  - 

*  '  -  1  •  •  ’  *  •  '  j  .  ‘ 

It  now  only  remains  to  trace  the  inferences  that  arife  from 
the  confideration  of  the  general  circumftances  and  fituation  of 
the  maffes  that  form  the  fifh-quarries  of  Monte  Bolca :  Thefe, 

I  have  obferved,  lie  in  detached  bulks,  fet  in  different  fpots 

* 

of  the  fide  of  this  hill ;  but  the  foil  of  Bolca  is  wholly  argilla¬ 
ceous,  its  native  Hone  refembling  our  bafalte  of  the  county  of 
Antrim ;  and  as  far  as  I  could  fee,  or  learn  from  the  inhabitants, 
befide  the  quarries  in  queftion,  it  does  not  contain  any  calcareous 
matter  whatfoever.  Now  thefe,  though  near  each  other,  lie  at 
fomewhat  different  heights,  and  different  inclinations  of  their 
laminae  to  the  horizon,  as  well  as  to  the  furface  of  the  hill,  and 

!  J  r  <  r 

coincide  with  neither  of  thefe  directions  j  from  whence  alone  it 
feems  evident  that  they  could  not  have  been  formed  in  the 
places  where  they  are  now  found ;  add  to  this  their  flag  or 

laminar 


*  P.  Pini,  in  his  memoir  above  quoted,  p.  242,  fays,  that  with  the  fifh  of 
Bolca  are  often  found  imprefTions  of  fprigs  and  leaves  of  various  trees.  Plow  far 
this  may  be  well  founded  I  cannot  pretend  to  fay,  not  having  myfelf  feen  at  Bolca, 
or  in  the  collections  at  Verona,  imprefTions  of  any  other  than  marine  vegetables. 
He  does  not  fay  either,  that  he  had  feen  fuch  imprefTions.  80c.  Ital.  di  Verona, 

tom.  5. 
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laminar  ftrudlure,  the  leaves  all  parallel  to  each  other,  and  per- 
fe&ly  flraight  or  flat ;  their  compofition,  and  the  nature  of  their 
contents,  all  ftrongly  attefling  formation  in  a  horizontal  pofition  : — * 
and  their  want  of  continuation,  the  extremities  being  fuddenly 
and  fharply  cut  off;  fo  many  circumftances  concurring,  and 
tending  all  to  the  fame  conclufion,  give  it  a  degree  of  evidence 
that  may  almoft  be  called  demonftratien. 


But  if  it  be  admitted  that  the  prefent  fituation  of  thefe  mafles 
muft  be  regarded  as  foreign  from  their  native  place  of  forma- 
tion,  we  have,  in  this,  another  objedl  of  inveftigation,  no  lefs 

-  t  •  Vf  '  ’ 

remarkable  in  itfelf  than  interefling  to  the  natural  hiflory  of 
that  country. 


That  thefe  mafles,  in  their  original  pofition,  muft  have 
formed  part  of  a  continued  and  horizontal  ftratum  of  fome 
confiderable  extent,  feems  highly  probable.  If  the  account  juft 
now  given  of  the  origin  of  this  ftone  be  well  founded,  the  thick- 
nefs  of  the  ftratum  evinces  that  the  quantity  of  calcareous  mat¬ 
ter,  fuddenly  poured  into  the  fuperincumbent  water,  muft  have 
been  immenfe; — But  this  matter,  immediately  on  its  fubfidencc 


being  pulverulent,  or  in  the  ftate  of  a  foft  mud,  muft  have  lain 


hr 


to  a  great  depith  at  the  bottom  of  the  water,  and,  from  the  le¬ 
velling  nature  of  tnaf  fluid,  muft  have  been  fpread  out  over  a 
greater  or  lefs  furface,  as  the  fhape  of  the  ground,  or  bottom  on 
which  it  lay,  or  the  intervention  of  fhores  or  other  obftacles 
may  have  permitted.  At  'all  events  it  is  foarcely  pofiible  to 

E  imagine 
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imagine  any  circumftances  in  which  this  ftratum  mu  ft  not  be 
conceived  of  a  much  greater  extent  than  the  very  circum berthed 
furface  of  the  quarries  of  Bolca.  Of  fuch  a  ftratum  then,  thefe 
quarries  are  evidently  to  be  confidered  as  no  more  than  portions 
or  fragments,  now  completely  disjoined  from  all  connexion  with 
their  native  bed:  We  are  next  to  enquire  how  thefe  portions 
may  have  been  fo  detached. 

A  number  of  circumftances  already  mentioned  leave  not  a 
doubt,  that  this  muft  have  happened  after  the  confolidation  of  the 
original  ftratum  •,  for  it  is  clear,  that  a  disjunction  of  this  kind, 
could  not  have  taken  place,  in  any  way,  without* fuch, a  concuf- 
fion  and  difturbance  of  thefe  maffes,  as,  if  their  matter  was  in 
any  refpedt  foft  or  yielding,  or  in  any  other  than  a  firmly  com¬ 
pacted  ftate,  muft  have  greatly  difarranged  their  laminar  ftruc- 

lure,  as  well  as  the  forms  of  the  fifh  contained.  Their  extre- 

'  >  ■  ■  .  \  : 

mities  too,  inftead  of  being  fharp  and  even,  would  have  been 
left  confufed  and  ill-defined.  This  matter,  therefore,  muft  cer¬ 
tainly  have  lain  in  its  firft  bed  and  pofition,  undifturbed,  fo 
long  at  leaft  as  was  neceflary  to  its  perfeCt  confolidation.  At 
fome  period  fubfequent  to  this,  it  would  feem  that  the  whole  of 
the  ftratum  was  violently  broken  up,  and  immenfe  fragments 
of  it  heaved  from  their  natural  fituation,  and  difperfed  here  and 
there,  as  in  the  inftance  before  us.  But  when  we  calculate  the 
prodigious  forces  required  to  produce  the  effeCts  here  deferibed, 
we  fhall  not  find  it  eafy  to  aflign  any  other  caufe,  fully  adequate 
to  them,  but  that  which  we  have  already  had  recourfe  to, 

namely. 
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namely,  fubterraneous  fire  and  explofion  ;  and  this  we  muft  con¬ 
ceive,  to  have  operated,  in  the  prefent  cafe,  with  an  eruptive 

1  in  • 

force  much  exceeding  whatever  has  been,  experienced  in  the  known 

•ii  C  '  !  v  ll  i  '  1.  J  ^  v  J  »  j  >  •  i  ■  1  »  ■  /  t  i  i 

hifiory  of  volcanoes*. 

I  have  chofen  to  reprefent  the  reparation  of  thefe  mafles, 
from  the  ftratum  of  which  they  formed  a  part,  as  brought  about, 
rather  by  their  having  been  heaved  up  to  their  prefent  fituation 
from  an  inferior  one,  than  by  their  having  been  left  where  they 
are,  while  the  reft  of  the  ftratum  was  funk ;  but  I  fhall  not 
trouble  the  Academy  with  the  reafons  that  led  me  to  the  one 
conclufion  in  preference  to  the  other,  as  the  principal  point  of 
enquiry  is  the  nature  or  quality  of  the  caufe,  not  its  precife 
mode  of  operation.  Now,  whatever  may  have  been  the  manner 
in  which  the  effects  were  produced,  the  immediate  caufe  muft, 
in  any  cafe,  have  been  one  of  great  violence ;  and  there  are 
many  reafons,  befides  fufficiency  of  force,  to  conclude  it  volcanic. 

It  is  remarkable  that,  except  thefe  quarries,  nothing  of  the 
ftratum  to  which  they  belonged  is  left,  not  a  trace  having  yet 
been  difeovered,  either  at  Bolca  or  in  its  neighbourhood,  to 
indicate  where  fuch  a  ftratum  had  ever  exifted;  all  is  covered 
with  argillaceous  materials,  the  fuppofed  lavas  and  other  ejedtions 
of  ancient  fubmarine  volcanoes :  but  this  circumftance,  until 

E  2  it 


*  If  thefe  effedts  are  fuppofed  to  have  been  produced  in  air,  the  forces  applied 
muft  have  been  immenfe ;  if  under  water,  much  lefs  would  have  fufficed. 


X 
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it  iTiall  be  better  accounted  for,  admits  of  an  eafy  explanation, 
by  fuppofing  that  the  fame  eruption  which  broke  up  the  original 
calcareous  bed,  wherever  it  lay,  and  raifed  thefe  fragments  of  if 
to  their  prefent  fituations,  muft,  in  fo  doing,  not  only  •  have 
disfigured  and  wholly  changed  the  appearance  and  fhape  of  the 
former  furface,  but  may  naturally  be  conceived  to  have  thrown 
out,  at  the  fame  time,  fuch  a  quantity  of  argillaceous  matter 
as  was  fufficient  completely  to  bury  every  other  part  and  veflige 
of  it,  except  thefe  mafies  which  feem  to  have  efcaped,  as  it. 
were,  by  accidents 

-  '  i  *  <  v  r  *  )  U  ' » i.  \  "J  ?  *  •  )  i  ( J  f  f  0 1  . 

That  eruptions,  and  of  the  kind  here  fuppofed,  did  exift  iix 
the  diftrift  in  queftion  at  fome  very  early  period,  naturalifts^ 

.  .r  ,  •  •  ;  a  ' 

of  great  eminence  have,  long  fince,  attempted  to  deduce  from 

'  .  .  ^  v  .  *  ’  ‘  .  f  t  . f  p.  f  v  •  *  ? 

other  confiderations  than  thofe  contained  in  this  paper;  but  as 
their  reafonings  in  proof  of  this  are  immediately  conne&ed  with 
a  very  important  mineralogical  queftion,  which,  though  much 
difcuffed,  remains  ftill  in  controverfy  *,  I  fhall  not  avail  myfelf 

•  ^  '■  '  '  v  ..  f  ,  T  |  if 

of  their  authority,  refpe&able  as  fome  names  are  -  which  I 

,  f  .  ..  .  r  ..  r  j  .  .  ..  [  *  f  /»•  ’  v  ... 

might  otherwife  adduce  in  fupport  of  this  opinidn.  It  is  not 
my  intention,  nor  is  it,  f  believe,  at  all  neceftary  to  my  prefent 
fubje<ft,  to  introduce  here  any  confiderution  of  the  cxtenfive  and 

'•  •  <  r  *  ■*>  r  .  • 

difficult  queftion  to  which  I  allude;  for  whether  the  bafaltic 
columns,  and  other  analogous  covering  of  this  and  fimilar  coun¬ 
tries,  fhall  be  attributed  to  the  immediate  agency  of  fire  or  of 
water,  the  confluences  which  I  have  endeavoured  to  trace, 

'  :  '  •  -  '  .  :  .  .  •'  from. 

.  u  ;  \v  c  .  ibi  ,  .  v  rzbau  xi  ;  ui-  js  :r  '  ncv.ft.9V rJ.  il 

*  It  will  cafily  be  perceived  that  the  queftion  alluded  to  is  that  on  the  origin  of 
ha faltes. 
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from  the  examination  of  the  fifh-quarries  of  Bolca,  may  dilb 
hold  whatever  degree  of  probability  they  may  be  thought  en¬ 
titled  to ;  thefe  confequences,  being  deduced  from  local  and 
partial  circumftances,  and  fuch  as  are,  perhaps,  peculiar  to  that 
fpot,  and  reding  principally  on  internal  evidence,  require  to  be 
judged  fpecially,  and  on  their  own  merits,  without  being  fub- 
jedted  to  any  determination  that  may  be  formed,  as  to  the  reality 
of  other  effects,  imputed  to  the  fame  general  caufe. 

I  have  now  given  the  Academy  the  principal  obfervations  > 
which  arofe  in  my  mind  from  the  infpedtion  of  thefe  curious 
quarries,  and  {hall  only  add,  that,  as  far  as  they  have  any 
weight,  they  go  to  infer  the  remote  exidence  of  two  didindt 
seras  of  great  volcanic  explodon  in  this  place,  one  of  which  at 
leaft  feems  decidedly  to  have  been  fubmarine ;  the  fird,  when 
the  fidi  were  caught  and  inclofed  in  calcined  calcareous  matter; 
and  the  fecond,  after  the  complete  concretion  of  this  matter  into 
done,  when  its  horizontal  ftratum  was  torn  up  and  difperfed. 

n  '  •  «  ■  .  -  ’  :  I  ,  i  ■  '  f  ,  !  •  .  ;  .  ;  '  .  ' -  j  ’•  •  r 

Before  I  conclude  this  paper  I  cannot  omit  taking  fome 
further  notice  of  a  circumdance  already  mentioned,  which  feems 
to  hold  out  a  fubjedt  of  invedigation  the  mod  driking,  and 
to  many  the  mod  intereding,  that  occurs,  perhaps,  in  the  whole 
range  of  natural  hidory  :  I  mean  the  great  variety  of  fidi  col¬ 
lected  in  one  fpot,  which,  from  the  catalogues,  appear  to  corref- 
pond  with  fpecies  now  only  to  be  found  in  feas  and  climates 

the  mod  remote  from  the  Italian  diores.  It  would  be  fuper- 

sj  k  -  ,  -  .  , 

nuous  to  dwell  on  the  analogy  which  this  remarkable  circum- 

danco. 


'fiance  bears -to  the  many  difeoverics  that  have  been  made,  not 
only  of  {hells,  but  of  horns,  teeth,  bones,  and  other  remains, 
and  even  of  entire  Ikeletons,  of  various  land  animals,  partly 
known  and  partly  unknown,  in  countries  where  fimilar  living 
fpecies  have  never  been  obferved  to  exifl,  and  often  in  cli¬ 
mates  now  wholly  unfuited  to  their  conflitutions.  Thefe  extra- 
ordinary,  fadls  have  been  long  known,  and  have  long  excited 
the  attention,  and  exercifed  the  ingenuity,  of  naturalifls  of  the 
mod  diflinguifhed  talents :  But,  unfortunately,  experience  has 
fhewn  that  the  paths  of  fpeculation  to  which  they  direblly  lead 
have  too  often  conducted  thefe  great  men  into  labyrinths,  from 
which  all  the  efforts  of  their  genius  have  not  been  able  to 
extricate  them.  Hence  it  would  feem,  that  natural  knowledge 
is  not  yet  fufliciently  advanced,  nor  a  fufficient  flock  of  well- 
attefled  phenomena  yet  formed,  to  enable  us  to  profecute  fuch 
extenfive  and  difficult  enquiries  with  good  effedl.  On  this  ac¬ 
count,  perhaps,  thofe  who  really  wifh  to  contribute  to  .  the 
fubflantial  improvement  of  the  fcience,  might  employ  their 
talents  more  beneficially,  in  the  humble  talk  of  colledling  fadls, 
and  invefligating  partial  and  immediate  caufes,  than  in  giving 
the  reins  to  their  imaginations,  and  foaring  in  purfuit  of  vifi- 
onary  theories.  Of  more  remote  and  general  caufes,  poflerity, 
better  informed  by  new  fadls  and  obfervations,  in  addition  to 
thofe  which  we  now  poffefs,  may  poffibly  form  a  better  judgment 
than  we  can  afpire  to,  if  fuch  a  judgment  really  lies  within  the 
limits  of  human  attainable  knowledge.  But,  at  all  events,  it  fhould 
not  be  forgotten,  that  fpeculations  of  this  kind  are  regarded  by 

•  ..  .  •  i  *  .  1  '  '  i  '  i 

men  of  the  founded  under  Handings,  rather  as  amufements  of  the 

mind, 


mind,  and  relaxations  from  leverer  ftudies,  than  as  purfuits  of 
much  intrinfic  importance  ;  and  that,  at  beft,  they  are  to  be 
confidered  as  contributing  but  remotely  to  the  more  ufeful  and 
ferious  objefbs  of  life  :  But  when  applied,  as  we  know  they  have 
been  too  often,  to  excite  and  diffufe  doubts  of  the  moft  eflen- 
tial  truths,  and  ultimately  to  fap  the  foundations  of  religion, 
and,  with  it,  of  both  private  and  public  virtue,  order  and  hap- 
pinefs,  and  indeed  of  the  very  exigence  of  civil  fociety,  as  < 
too  fatal  modern  experience  has  {hewn,  it  is  not  eafy  to  fay 
whether  we  (hall  be  mod;  druck  with  the  vanity  and  prefump- 
tion,  the  folly,  or  the  wickednefs  of  the  attempt,  to  raife  fo 
daring  a  fuperdrutdure  on  fo  {lender  a  bafe  *. 


*  Since  this  paper  was  read,  Mr.  Rafpe  has  pointed  out  tc  me  a  pafiage  in  his 
Preface  to  Ferber’s  Letters,  tranfiated  and  publifhed  by  him,  in  1776,  which  had 
before  efcaped  my  notice  :  Speaking  of  fubmarine  volcanoes,  he  fays  tf  The  petrified 
“  fillies  are  monuments  of  their  heat;”  and  adds,  “  fome  unnatural  revolution  in 
“  their  own  element  mud  have  killed  and  involved  them  at  once  in  the  fediments  of 
"  the  troubled  ocean  ;  on  this  account,  many  argillaceous  Jlate  rocks ,  filled  with  petri- 
“  fied  fifhes,  are  to  be  confidered  as  fubmarine  or  fubaqueous  volcanic  productions^ 

“  nay,  many  calcareous  Jlates ,  fucb  as  thole  at  Bolca ,  Pappenheim ,  Eichfiaedy  Altheim  1 
“  and  Mont  Libanon ,  are,  for  the  fame  reafony  to  be  ranked  amongd  them.” 

I  tranferibe  this  pafiage,  as  it  feems  to  bear  fome  refemblance,  though  very  gene¬ 
rally  exprefied,  to  the  account  above  given. 

The  defeription  of  Monte  Bolca,  which  we  meet  with  in  pages  49  and  50  of  the 
fame  work,  is  erroneous  in  almoft  every  particular.  It  is  as  follows  :  “  Bolca  is  a 
“  deep  barren  hill  at  twenty  miles  didance  from  Verona,  for  the  mof  part  of  frati- 
“  fied  limefioney  but  now  and  then  interrupted  by  ancient  volcanic  craters.  The  lime- 
“  done  contains  variegated  flints ,  of  a  red ,  blacky  green  and  white  colour.  In  this  hill 
“  are  found  the  famous  impreffions  of  plants  and  fifhes.” 


Catalogo 


[  34  ] 


Catalogo  Sijlematico ,  del  piu  rari  ictioliti  del  Monte  Bolca  che  ft  confetvans 
nel  gabinetto  privato  del  Sig>  Vincenzo  Bozza ,  in  Verona ,  nel  quale  vi  fono 
piu ’  di  500  efemplari  di  pefci  fojfili  dello  fiejfo  monte ,  una  gran  parte 
.ancora  da  riconofcerfi  e  denominarfu 


O  R  D  I  N  E  I. 

Pefci  dei  Mari  dell’  Europa. 

Vphidiutn  barbatum .  willougb.  Icth.  Tab.  G.  7.  fig .  6. 
Squalus  fiellaris.  linn.  Syfi.  nat.  Edit.  13.  pag.  399. 
Scomber  colias.  willougb.  L .  C.  Tab.  M.  1.  fig.  1. 

- ficomber.  willougb.  1.  c.  Tab.  M.  3. 

- pela?nis.  salvian.  de  Aquatil.  fig.  98. 

- -  thynnus.  arted.  Icth.  Gen.  31.  Synon.  49. 

Scorpcena  porcus.  bloch.  Icth.  VI.  Tab.  18 1. 

- fcorpius .  willougb.  /.  c.  Tab.  12.  X. 

- ficrofa.  bloch.  /.  c.  Tab.  182. 

- Salviani .  willougb.  /.  c.  Tab.  X.  13. 

Biennius  ocellarius.  salvian.  /.  c.  fig .  P.  84. 

Gadus  carbonarius.  bellon.  de  Aquat.  Lib.  I.  pag.  134* 

- sirens,  vill.  /.  c.  Tab.  L.  1.  fig.  3. 

- merlucius.  bellon.  1.  c.  Tab.  L.  1.  fig.  123. 

Pleuronedles  limand.  willougb.  /.  c.  Tab.  F.  4. 

Sparus  aurata.  gronoy.  Muf.  1.  n.  90.  3 

- — —  chromic .  linn.  /.  c.  pag.  470. 

— - - -  pagrus.  arted.  /.  c.  Gen.  36.  Syn.  64. 


n 


I  rigla 
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Trig  la  cuculus.  willougb.  1.  c.  Tab .  5*  2*  ./%• 
Efox  fphyrana.  linn.  /.  £.  pag.  5I5* 

Mur  ana  myrus.  arted.  /.  £.  G^w.  24.  Synon.  40. 
Lophius  pifcatorius.  salvian.  /.  c.  Jig .  47* 


Raja  Pojlinaca 
Murana  Helena 
■  ■  ■  —  Serpens 

- 

Gadus  Mediterraneus 
Blenius  Lumpenus 
Zeus  Faber 
Sparus  Sargus 
Lab r us  Turdus 
Clupea  Harengus. 


1 


[>  Marquis  Gazola. 


O  R  D  I  N  E  II. 

Pefci  dei  Mari  dell*  Afia. 

Chatodon  vefpertilio.  bloch  icth.  VI.  Tab.  199.  Jig.  2. 

- bisjafciatus.  seba.  Muf.  3.  Tab.  2 6.  Jig.  23. 

- pinnatus.  seba.  /.  Tab.  25.  15. 

- wgfr.  seba.  /.  c.  Tab.  25.  _y%.  5.  <7. 

- canefcens.  seba.  /.  £.  Tab.  25.  7. 

■ - lineatus.  seba.  /.  c.  25.  Jig.  1. 

- fufcus.  seba.  1.  c.  Tab.  26.  22. 

- Jiriatus.  bloch.  li.  c.  Tab.  205.  Jig.  1. 

- — -  macrolepidotus.  seba.  /.  c.  Tab.  25.  8. 

Fijiularia  chinenfis .  valent.  Ind.  3.  Jig.  23. 

Pegafus  natans .  bloch.  Icth.  IV.  Tab •  121.  3.  4. 

- volans.  linn.  /.  c.  pag.  418. 

F 
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Polynemus  paradifeus.  linn.  1.  c.  png.  522. 

Zeus  ciliarisl  bloch.  Icth.  VI.  Jab.  191. 

- - triurus.  Huic  valde  adjinis  Zeus  faber  linn. 

Tetraodon  lagocephalus.  seba.  /.  c.  Tab.  23.  Jig.  5.  6. 
Clupea  Thrijfa.  brousson.  Icth.  Dec.  I.  Tab.  10. 

Perea  unicolor,  seba.  /.  c.  Tab.  27.  Jig.  10. 

Efox  amboinenfis.  ruysch.  Arnhem.  Tab.  14.  Jig.  2. 
Diodon  reticulatus.  seba.  /.  c.  Tab.  2 3 .  Jig.  3.4. 

Labrus  ferrugineus.  seba.  /.  c.  Tab.  31.  Jig .  5.  6. 
Murana  ferpens.  willougb.  /.  c.  Tab.  G.  10.  fig.  u 
Callyonimus  indicus.  linn.  I.  c.  pag.  434. 

Sparus  argenteus.  seba.  /.  c.  Tab.  27.  fig.  13^ 

Pegafus  Draconis. — Marquis  Gazola.. 

O  R  D  I  N  E  IIE. 

Pefci  dei  Mari  dell5  Africa. 

Sparus  dentex.  willougb.  lib.  c.  Tab.  X.  7.  fig.  6 .. 
Ofiracion  Turritus . — Marquis  Gazola. 

O  R  D  I  N  E  IV. 

Pefci  Marini  dell’  America  meridionale.. 

Raja  muricata.  marcgr.  Brafil.  pag.  175. 

Scomber  cordyla.  willougb.  /.  c.  Tab.  5.  18.  fig.  1. 

- coorza  Pifonis.  will.  /.  c.  Tab.  M.  5.  fig.  2. 

Efiox  brafilienfis.  marcgr.  1.  c.  pag.  168. 


* 
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Chatodon  arcuatus.  bloch.  vi.  Tab.  201.  Jig.  2. 

- triojlegus.  seba.  1.  c.  Tab.  25.  Jig.  4. 

- acaratwa.  will.  /.  c.  Tab.  o.  5. 

- fufiformis.  An.  Ch.  rhomb oides  ?  bloch.  /.  c.  Tab.  209. 

Polynemus  quinquarius.  seba.  /.  e.  Tab.  27.  Jig.  2. 

- plebejus.  brousson.  /.  c.  Tab.  8. 

Loricaria  plecojiomus.  marcgr.  /.  r.  pag.  166. 

Silurus  bagre.  seba.  /.  c.  Tab.  29.  2. 

Gobius  Jirigatus.  brousson.  /.  c.  Tab.  1. 

Zeus  vomer,  bloch  vi.  Tab.  193.  Jig.  2. 


Diodon  Orbicularis 
Mulus  Gigas 
Exocetus  Evo/ans 
Spar  us  Argenteus 
Coryphena  Hippurus 
Ch&todon  Saxatilis 
— —  fafciatus 

• - ciliaris? 

-  curacao 

- nigricans 

■ - - cor  nut  us 

- lanceolatus 

- —  orbis 

-  arcuatus 

- - aculeatus 

Silurus  Fafciatus . 


►  Marquis  Gazola. 
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O  R  D  I  N  E  V. 

Pefci  marini  dell’  America  fettentrionale. 

f 

,  * 

Bali/les  monoceros.  catesby.  Carol  21.  Tab.  19. 

Chatodon  chirurgus.  bloch.  VI.  Tab.  208. 

E/ox  umbla  minor,  catesb.  /.  c.  Tab.  1.  fig.  1. 

Eifiularia  tabacaria.  willougb.  /.  c.  Tab.  P.  6.  fig.  4. 

Exocetus  evolans.  catesb.  /.  c.  Tab.  8.  fig.  1. 

Gafierofieus  carolinus.  linn.  /.  c.  pag.  490* 

Gadus  tau.  willougb.  /.  c.  Tab.  N.  12.  fig.  3. 

Gafierofieus  Canadus 

— — - -  Volitans 

Perea  Venenofa 

_  Punftata  j>  Marquis  Gazolau. 

— —  Trifurca 
Scomber  Fafciatus 
Clops  Saurus.. 

O  R  D  I  N  E  VI. 

Pefci  di  acqua  dolce,  efotici. 

Tetraodon  ocellatus.  Ex  Indiis.  seba.  /.  c.  Tab.  23.  fig.  7.  8., 

Chatodon  argus  ex  Indiis.  bloch.  /.  c.  Tab.  204.  fig.  1. 

Gobius  ocellaris.  Ex  Ins.  otheit.  brousson.  lib.  c.  Tab.  2. 

Clupea  cyprinoides.  Ez  Bra/ilia,  brousson.  lib.  c.  Tab.  9* 

Zeus  infidiator.  Ex  Surate.  bloch.  /.  c.  Tab.  102.  fig.  23.. 

T etraodon  Lagocephalus 
Chatodon  Glaucus 
Sparus  aurata  ex  America. 

La 


j-  Marquis  Gazola. 
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La  grandezza  di  alcuni  Pefci  e  rimarcabile,  efiendovene  di  quelli  che 
giungono  alii  40  pollici  di  lunghezza.  Non  fi  notano  poi,  nel  prefente 
Catalogo,  le  fingolarita  di  ciafcheduna  petrificazione,  per  fervire  alia 
brevita  propria  di  un  Indice. 

Nel  Gabinetto  prefato,  oltre  ai  Pefci  foflili,  fi  confervano  le  feguenti  petrifi- 
cazioni  di  altre  Clafli  di  corpi  organizzati,  cioe 

I.  Fitoliti  di  fuchi  e  felci  europee  ed  efotiche.  Del  Monte  Bolca. 


II.  Zoofiti  di  Madrepore,  Ifidi,  Millepore  ecc.  dei  Monti  Veronefi. 


III.  Elmintoliti  di  Conchiglie  univalvi,  e  bivalvi  di  mold  mari,  con  echiniti, 
ftelle  marine,  e  congierie  delle  medefime.  Delle  Montagne  predette. 


IV.  Entomoliti  rari  di  granchi,  infetti  apteri,  e  dipteri  d’Europa,  e  di 
America.  Del  Monte  Bolca. 

V.  Ofleoliti  di  Animali  ruminanti,  e  di  altri  quadrupedi  d’infigne  gran¬ 
dezza.  Di  Romagnano,  e  di  altre  parti  del  Veronefe. 


■ 
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On  the  POWER  of  FIXED  CAUSTIC  ALKALINE 
SALTS  to  freferve  the  FLESH  of  ANIMALS  from 
PUTREFACTION.  In  a  Letter  to  the  Reverend 
GEORGE  GRAYDON,  SsV.  from  the  Reverend  FI  U  G  H 
HAMILTON,  D.D.  &c. 


S  I  R, 


The  ingenious  paper  you  communicated  to  the  Royal  Irifh  Read  Aprii 
Academy,  on  the  fifhes  that  have  been  found  enclofed  in  Hone  ^ 
in  the  quarry  at  Monte  Bolca,  brought  to  my  recollection  fome 
obfervations  I  had  made  many  years  ago,  on  the  power  that 
alkaline  falts,  even  when  highly  cauftic,  have  to  preferve  animal 
fubftances.  I  mentioned  to  you  fome  of  thefe  obfervations,  and 
you  have  delired  I  fhould  give  you  a  fuller  account  of  them, 
as  you  thought  they  in  fome  meafure  coincided  with  the  theory 
you  had  delivered,  concerning  the  prefervation  of  the  more  folid 
parts  of  the  fifties  found  in  quarries  of  lime-ftone. 
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I  came  to  the  knowledge  of  this  power  of  alkaline  falts,  I 
may  fay,  accidentally.  I  had  a  wifh  to  procure  fome  kind  of 
alkaline  liquor  that  might  be  fafely  taken,  for  the  purpofe  of 
correcting  acidities  in  the  ftomach.  I  knew  that  a  folution 
of  fait  of  tartar  was  exceedingly  offenfive  to  the  tafte,  and  if 
it  was  of  ftrength  fufficient  to  neutralize  any  quantity  of  acid 
in  the  ftomach,  it  could  not  be  fwallowed  without  danger  to 
the  paffages,  from  its  caufticity.  It  occurred  to  me,  that  its 
caufticity  might  probably  arife  from  its  having  a  ftrong  affinity 
to  fomething  or  other,  to  get  at  which  it  burned  or  deftroyed 
the  texture  of  the  fleffi.  If  this  fhould  be  the  cafe,  it  was 
natural  to  fuppofe,  that  this  fait,  if  intimately  mixed  with  fleffi, 
would  faturate  itfelf  with  whatever  it  was  that  it  had  fuch  a 
ftrong  appetite  for,  and,  being  fo  faturated,  it  would  ad  no 
further  on  our  fleffi,  and  might,  without  danger,  be  taken  in¬ 
wardly.  To  try  this,  I  firft  enclofed  fome  bits  of  lean  raw 
mutton  in  a  vial  with  a  ftrong  folution  of  fait  of  tartar ;  but, 
after  Handing  feveral  days,  no  fuch  alteration  as  I  expeded 
appeared  in  the  liquor.  I  was  willing  to  account  for  this,  by 
fuppofing  the  fait  had  a  greater  affinity  to  the  water  than  to 
any  thing  in  the  fleflr ;  I  therefore  cut  fome  fleffi  from  the 
breaft  of  a  turkey,  roafted  the  day  before,  and  made  it  as  dry 
as  I  could ;  this  I  pounded  in  a  mortar,  adding  by  degrees  fome 
dry  and  finely  powdered  fait  of  tartar*,  until  I  thought  there 

was  enough,  fori  had  no  rule  to  judge  by;  the  mixture  grew 

moift, 

*  This  {alt  had  been  Cent  to  me  rendered  caudle  by  quick-lime,  though  I  had  not 
defrred  it. 


/ 
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moild,  and  when  it  was  fufficiently  pounded,  I  fpread  it  into 
a  thin  cake  on  an  earthen  difh,  and  fet  it  before  the  fire,  and 
it  foon  became  quite  dry.  I  found  it  had  then  a  faponaceous 
miid  tafte,  for  the  tafle  of  the  fait  was  fcarcely  perceptible. 
Having  macerated  this  flefh  in  warm  water,  and  poured  off  the 
clear  liquor,  I  found  it  effervefced  with  vinegar,  which  {hewed, 
that  the  fait  was  not  fo  far  neutralized,  but  that  it  would  unite 
itfelf  with  an  acid,  fo  that  I  confdered  it  as  a  mild  alkaline 
liquor,  fuch  as  I  fought  for :  However,  that  I  might  have  an 
opinion  from  a  perfon  of  {kill  on  the  fubjed,  I  wrote  to  my 
late  worthy  and  ingenious  friend,  Dodor  Me.  Bride,  and  ac¬ 
quainted  him  with  the  preparation  I  had  made,  and  the  intention 
of  it.  In  his  anfwer,  he  was  pleafed  to  fay  he  approved  of  the 
idea,  and  would  make  fome  of  the  liquor  I  deferibed,  and  let 
me  know  what  he  thought  of  it.  He  afterwards  wrote  to  me, 
and  faid  he  had  tried  the  alkaline  liquor,  and  thought  it  might 
prove  a  ufeful  medicine,  particularly  as  it  might  be  mixed  with 
milk  and  given  to  children,  wdio  have  often  acids  in  their 
ffomachs.  He  alfo  mentioned  a  phyfician  then  in  Dublin, 
to  whom  he  recommended  the  liquor,  and  who  had  found  great 
benefit  from  it.  I  firft  made  this  liquor  in  the  year  1771,  and 
in  the  year  1777,  being  then  at  Bath,  I  met  with  an  account 
of  fome  experiments  made  by  Mr.  Bewly,  an  ingenious  chymift, 
which  plainly  proved  that  fixed  air  is  an  acid,  and  fat  urates 
alkaline  falts ;  this  at  once  informed  me,  what  it  was  in  the 
flefh  of  an  animal,  that  alkaline  falts  had  fuch  a  ffrong  affinity 
to.  At  the  fame  time  I  got  from  London  one  of  Do&or  Nooth’s 
glafs  machines  for  impregnating  water  with  fixed  air,  and  to  the 
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water  I  added  fait  of  tartar;  after  this,  you  may  fuppofe,  I  thought 
no  more  of  my  alkaline  broth,  having  got  a  way  of  obtaining 
what  I  wanted  in  a  much  more  elegant  manner. 

I  would  not  have  given  you  this  long  detail  of  a  matter 
now  uninterefting,  had  you  not  defired  me  to  write  the  whole 
of  what  I  had  told  you  in  our  converfation.  The  only  thing; 
now  worth  attention  in  the  experiment  I  have  related  is,  that; 
it  difcovered  a  power  in  even  caufiic  alkaline  fait  to  preferve- 
flefh,  I  may  fay,  incorruptible ;  though  it  has  been  generally’ 
imagined  that  fuch  falts  would  coufume  ih>  I  have  fome  fiefh 
prepared  with  thefe  falts  ,  in  the  year  1772  ;  for,  finding  fome 
bits  made  the  year  before  had  continued  unaltered,  I  made  fome 
more,  and  laid  it  by  to  fee  how  long  i-t  would  keep,  and  what 
alterations  it  would  undergo.  I  made  it  into  a  cake,  and  when 
quite  dry  I  cut  it  into  round  bits  about  the  fize  of  half  a  crown, 
and  put  them  into  a  drawer  in  my  defk ;  I  fhewed  fome  of  them 
to  Mr.  Kirwan  the  fummer  before  laid, 'when  I  had  the  honour 
of  receiving  a  vifit  from  him  at  Armagh,  and  a  few  months 
ago  I  found  feveral  pieces  in  another  drawer,  where  they  have 
lain  near  two  and  twenty  years ,  and  remain  unaltered ;  when 
they  are  broken ,  the  pieces  hang  together  by  fibres ,  and  look  like 
a  piece  of  plafier  taken  from  a  wall ;  the  fibrous  or  firingy  parts 
of  the  flejh  do  not  feem  to  have  been  corroded  or  difolved  by  the 
fait . 

After  I  knew  that  fixed  air  was  an  acid,  and  faturated  alka¬ 
line  falts,.  I  began  to  form  conje&ures  about  the  means  by 
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which  thefe  falts  had  fo  entirely  prevented  putrefaction  in  the 
flefh  to  which  they  were  united.  Animal  fubftances  afford  much 
volatile  alkali,  and  now  they  are  known  to  contain  alfo  a  volatile 
acid  gas.  While  thefe  two  volatile  principles  continue  united 
with  each  other,  they  may  prevent  any  material  change  fiom 
taking  place  in  the  fubftance  but  if  one  of  them  by  any  means 
efcapes,  the  other  will  follow ;  the  acid  feems  to  be  the  moft 
volatile,  and  efcapes  firft,  though  we  may  not  be  fenfible  of  its* 
efcape,  becaufe  it  has  no  fuch  ftrong  fmell  as  the  alkali  has. 
The  letting  loofe  thefe  volatile  principles  feems  to  be  the  begin¬ 
ning  of  putrefadtion.  If  this  be  the  cafe,  we  may  fee  the 
reafon  why  flefh,  growing  putrid,  is  reilored  to  fweetnefs  by  fixed 
air,  that  acid  replacing  what  had  efcaped,  and  retaining  the  volatile 
alkali.  It  is  probably  on  this  account  that  the  osrial  acid  is 
found  to  be  of  ufe  in  flopping  the  progrefs  of  fome  putrid  dif- 
eafes  ;  it  feems  to  adt  as  a  fort  of  pickle.  If  vinegar  preferves 
flefh  by  keeping  its  volatile  alkali  united  with  this  acid  which 
is  not  volatile,  we  may  expert  a  fixed  alkali  will  have  a  like 
effedl  in  preferving  flefh,  by  expelling  the  weaker  volatile  alkali, 
and  uniting  itfelf  to  the  volatile  acid,  which  will  therefore  be 
retained.  This  I  found  to  be  really  the  cafe  ;  for,  while  the  flefh 
and  alkali  wrere  combining  in  the  mortar,  a  very  flrong  fmell 
arofe  like  that  of  fal  volatile ;  and  at  one  time  that  I  ufed  a 
brafs  or  metal  mortar,  I  perceived  its  edges  to  be  tinged  with 
blue,  which  fliewed  the  metal  had  been  aftedted  by  a  volatile 
alkali. 
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There  feems  to  be  a  good  reafon  why  fixed  alkaline  falts 
fhould  preferve  flefh  much  longer  than  any  fluid  acid,  fuch  as 
vinegar,  can  do ;  for  when  the  alkaline  fait  combines  with  the 
flefh,  it  expelis  what  is  volatile,  the  mafs  grows  hard,  and  it  is 
eafily  reduced  to  a  date  of  drynefs,  in  which'  no  fort  of  fermen¬ 
tation  or  any  intefiine  motion  can  take  place,  and  therefore  there 
is  nothing  that  can  effed  a  change  in  this  compound  fubflance : 
whereas  when  an  animal  or  vegetable  fubftance  is  immerfed  in 
vinegar,  a  very  heterogeneous  mixture  is  formed,  which,  in  length 
of  time,  will  be  very  apt  to  run  into  a  fort  of  fermentation,  with 
an  inteftine  motion  among  the  minute  particles,  and  this  will  bring 
on  fome  change  in  the  texture  of  the  fubftance,  and  every  fer¬ 
mentation,  when  long  continued,  ends  in  putrefadion,  which, 
indeed,  is  faid  to  be  the  laft  ftage  of  fermentation. 

Whether  the  conjedures  I  have  offered  on  this  fubjed  be 
well*  or  ill-founded  is  but  of  little  confequence ;  you  may  rely 
on  the  fads  I  have  mentioned,  and  if  you  think  they  throw  any 
light  on  your  theory,  you  may,  if  you  think  proper,  fubmit  to 
the  confideration  of  the  Royal  Academy  this  paper  as  an  appen¬ 
dix  to  your’s. 

% 

I  am,  Sir, 


Your  very  humble  fervant, 


Dublin, 
April  2,  1794. 


HUGH  HAMILTON. 


